Abstract-In the framework of the NICA project preparation and experiments with the extracted Nuclotron beams, the development of an advanced system of circulating beam diagnostics based on microchannel plates is presented. The detector prototype that has been developed, created, and tested on Nuclotron beams during four runs allows the space-time characteristics of a beam to be measured within a range of singly charged ion intensities from 10 6 to 10 9 , which is not covered by the existing measuring tools.
INTRODUCTION
One of the most important tasks in the operation of the Nuclotron accelerator complex (JINR LHEP) is the creation of modern systems for nondestructive space and time diagnostics of heavy ion beams in the process of acceleration and extraction from the accel erator.
Since it is planned to accelerate a wide range of ions up to gold at Nuclotron, the problem of adjusting and controlling the extraction of various beams, espe cially those with low intensities (from a few particles to 10 6 particles per acceleration cycle), is topical [1] . The creation of diagnostics systems providing operation with low intensity beams is also very important for applied studies (radiation resistance of electronic components, radiobiological investigations, etc.). Now the beam position in the Nuclotron acceler ating chamber is measured using pickup electrodes. This type of detector does not have sufficient sensi tivity in the case of low beam intensities (less than 10 8 singly charged particles circulating in the accel erator chamber).
During acceleration, ionization type detectors based on the secondary electron multiplier (SEM) are also applied. Since the transverse dimensions of the Nuclotron beam are several millimeters and the SEM entrance window size is 10 mm, this detector cannot provide monitoring of the spatial characteristics of the beam [2] .
The developed system of circulating beam moni toring based on microchannel plates (MCP) refers to nondestructive diagnostics systems of ionization type (the residual gas ions in the accelerator chamber are detected), which has sensitivity and space and time resolutions adequate for the stated problem [3].
PRINCIPLE OF OPERATION
The concept of measuring the beam space-time characteristics is as follows: the beam of accelerated particles ionizes the residual gas in the accelerator chamber; thus produced ions move on the MCP sur face due to the action of the uniform electric field cre ated by the detector's electrostatic system; the chevron assembly of two MCPs that is located beyond the area of the beam circulation offers the space-time record ing of an ion. The detector itself is arranged inside the accelerator chamber.
MCP based detectors have a number of advan tages: high time resolution, the efficiency of recording of individual charged ions is close to 100%, it is possi ble to measure space characteristics with an accuracy of tenth fractions of a millimeter, and MCPs have high radiation resistance [4, 5] . In this case a gain factor of the chevron assembly consisting of two plates is from 10 4 to 10 6 [6-8], which allows a broad spectrum of standard electronic components to be used without the application of specific signal preamplifiers.
The presented system is an upgrade of similar sys tems developed at the JINR LHEP accelerator com plex [3, 9] . Figure 1 shows the design of the new detec tor for measurement of the beam dynamic profile in the horizontal plane.
The detector uses MCPs produced by LLC Vladikavkaz Technological Center "Baspik" with a size of 96 × 33 mm and a channel diameter of 15 μm. Pads amounting to 32, electrically isolated from each PHYSICS OF PARTICLES AND NUCLEI LETTERS Vol. 11
No. 2 2014 other and located on the printed circuit board with a spacing of 3 mm, are used as an electron avalanche collector. The distance between two MCPs, as well as the distance between the second MCP and the printed circuit board, is 150 μm. The novelty of this design is the system of separate high voltage power supplies of each MCP allowing the detector operation to be optimized for different modes of beam accelera tion. The detector operates within an intensity range of 10 6 to 10 8 singly charged ions circulating in the accelerator chamber with a characteristic pressure of 2 × 10 -6 Pa in the vacuum chamber. Figure 2 illustrates the schematically the detector operation. The ions of the residual gas that is formed in the beam guide move in the uniform electric field created by the electrostatic system. The value of the working electric field between the MCP and the anode accelerating plate is around 3 kV. A barrier mesh elec trode is used for controlling the ion flow drifting on MCP, which allows the detector overloading to be avoided, thus extending the intensity range up to 10 9 singly charged ions.
2. TESTING AND ADJUSTMENT OF THE SYSTEM The specialized vacuum test bench was designed and manufactured for the study, testing, and adjust ment of the beam diagnostics system. The α source of 4 MeV ions, located 4 cm above the assembly inside the vacuum chamber, was used for testing at the test bench.
The signal characteristics from the detector were studied depending on the MCP supply voltage within a range of -900 × -900 to -1150 × -1150 V. When the voltage changes within the indicated range, the signal amplitude increases 10 times; the signal width at the base is 5-7 ns and the leading edge time is voltage independent and amounts to less than 1 ns, which ensures a time resolution of the chevron MCP assem bly at the level of 100 ps. Figure 3 shows a signal from the detector with a voltage across the plates of ⎯1080 × -1080 V.
Integral spectra of single signals were measured using the charge-digital converter (CDC) depending on power supply of the chevron assembly (Fig. 4) . It can be seen from the figure how the gain factor of the MCP assembly increases as the voltage grows, which allows the optimal threshold of the signal discrimina tion to be selected.
To determine the noise spectrum, measurements were conducted without an α source with maximum supply voltages. The number of events of the noise component is shown to be negligibly small in compar ison with a signal from the α source (less than 1%).
It is obvious that conditions under which the detector was tested at the vacuum test bench differ from those of the detector operation in the accelera 
